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Abstract 

Gobiomorphus huttoni (Ogilby) breeds at about two years of age, mainly in the 
spring. Breeding occurs in quiet water in rocky streams. The female places the 
eggs beneath a flat rock, in a crude nest which is guarded by the male. The 
breeding male is melanic. Present knowledge suggests that the larval fish are 
carried to sea, but confirmation of this is required. Return migration of juveniles 
into fresh-water takes place from December onwards. 

Introduction 

Gobiomorphus huttoni (Ogilby), popularly known as the red-finned bully, is a 
small, heavily built rocky-stream-dwelling fish belonging to the family Eleotridae 
(sub-order Gobioidea). It was illustrated and described and its systematics dis¬ 
cussed in a recent paper (McDowall, 1962). In a later paper (McDowall, 1964), 
its habitat was described and its inter-relationships with other animals discussed. 
The present paper deals with various aspects of the breeding and life history of 
G. huttoni. The data were obtained during 1961-3, mainly in the Makara Stream 
near Wellington, but additional observations were made in the Waikawa, 
Waikanae, Waimeha and Hutt Rivers.* 

Though many authors have made brief reference to the breeding of gobioid 
fishes, details of the life histories of these fishes are not well known. Several 
species in the family Gobiidae have been studied extensively—e.g., see Manacop 
(1938), Millar (1961), McErlean and Springer (1961) and Tavolga (1954, 56). 
The breeding of some of the Australian Eleotridae has been described; Gale 
(1914) and Blewett (1929) observed Mogurnda striata (Steindachner) breeding 
in captivity. 

Stokell (1955) commented briefly on the breeding of the New Zealand species 
of Eleotridae. Other references to the breeding of these fishes are by Woodward 
(1948) and Harris (1948) who both stated that they had successfully bred bullies 
in captivity. Stokell is the only author to have referred specifically to the breeding 
of G. huttoni. He suggested that “spawning apparently takes place within or 
near the customary habitat as extremely small specimens are sometimes taken 
with the adults 

* This paper presents part of an M.Sc. degree thesis. 
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The life-history of G. huttoni is thus not well known. In the present paper 
an outline of the life-history is given and various aspects are discussed in detail. 


Sex Ratio 

The sex ratio of G. huttoni in the Makara Stream was determined from 250 
specimens sampled from the stream during the period March to September, 1961 
—i.e., prior to the beginning of breeding in that year. Since sexual habitat 
differences in G. huttoni were found to occur during and after the breeding 
season, samples taken during this time were not representative of the population. 
Sex ratio was therefore determined from samples taken outside the period when 
most marked habitat differences occurred, and fish were obtained from a wide 
variety of habitat types. 

Sex ratio for G. huttoni was found to be 1.0:1.05 (male:female). 


Maturity 

Neither otolith nor scale studies proved satisfactory for ageing G. huttoni. 
Length-frequency modes showed large overlap but indicated that the fish breed 
for the first time at two years of age and at a length of about 45mm S.L. (standard 
length). No fish maturing in their first year were observed, and it is not known 
whether they ever breed for the first time at three years of age. 


Reproductive Organs 

The reproductive organs of fishes of the sub-order Gobioidea were reviewed 
by Eggert (1931) and Rauther (1954), and the gonads of G. huttoni appear to 
be quite typical of the sub-order. 

T estes 

The testes of male G. huttoni lie dorsally in the abdominal cavity against the 
ventral surface of the air bladder, and are elongate strap-shaped organs about as 
long as the abdominal cavity. Male G. huttoni are specialised in the possession 
of seminal vesicles as accessory organs of reproduction. These arise posteriorly 
from the testes and lie laterally to the testes in the abdominal cavity. Seminal 
vesicles of the type found in G. huttoni are common amongst the gobioid fishes, 
but their function has not been ascertained with any certainty. Hoar (in Brown, 
1957, p. 292) stated that the seminal vesicles of gobioid fishes are “not homologous 
with the accessory organs of mammalia and do not store sperm ”, and cited sug¬ 
gested functions of the seminal vesicles as follows: Weisel (1949): “that they 
keep the spermatozoa in motion and nourish them”; Rasquin and Hafter (1951) : 
“ that they release secretions analogous to a combination of mammalian prostatic 
and seminal vesicle secretions”; and Coujard (1941) : “that they serve the male 
in attendance and care of the eggs, perhaps forming adhesive or lubricating 
material”. Millar (1961, p. 748) quoted Vivien (1939) as follows: “after 
ejaculation of sperm and vesicular secretions the secretions function to ensure 
contact of the sperm with the eggs and to retard dispersion of the sperm into 
the surrounding water”. Millar himself “found no evidence for the storage of 
sperm in the seminal vesicles, which were found to remain colourless prior to and 
during the breeding season”. Hoar (loc. cit.) considered that the “precise func¬ 
tion has not been determined The very diversity of suggested functions listed 
above indicates that very little is known about these organs or their function. 
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Ovaries 

The ovaries of the female G. huttoni lie dorsally in the abdominal cavity in 
a position analogous to that of the testes in the male. The ovaries extend almost 
the full length of the abdominal cavity and vary in cross-section from flat to 
rounded, according to the state of maturity. The ova are discharged directly 
to the exterior through the oviducts, which terminate in a common duct in the 
genital papilla. 



Fig. 1.—Ventral aspect of genital papilla. An., anus; pap., papilla. 


Genital papilla 

G. huttoni has a well-developed genital papilla, the characters of which can 
be used in sexing the fish. The papilla of the male is dorso-ventrally flattened, tri¬ 
angular in shape, tapering to a fine point distally from a broad base. It is grey- 
brown in colour with the tip of the papilla whitish. The papilla of the female is 
narrower at the base but more constant in breadth with a broader tip than that 
of the male; the tip of the papilla is fimbriated. It is pigmented in grey-brown 
only on each side of the proximal half, leaving an extensive area of whitish 
papilla tip (Fig. 1). 


Maturation of Gonads 

Millar (1961, pp. 750-1) classified the gonads of Gohius paganellus L. into 
“ arbitrary stages of maturation for both sexes ”, While Millar’s classes could be 
recognised in Gobiomorphus huttoni , it appeared to the author that division into 
categories in this manner is unnatural in what is a dynamic and continuous phase 
of growth and that it is preferable to discuss the overall changes taking place as 
the gonads mature. 

The testes of juvenile G. huttoni are translucent white, granular in appear¬ 
ance and about 0.5mm wide. They are strap-shaped and extend about two-thirds 
the length of the abdominal cavity. The seminal vesicles are present as short 
lateral expansions of the posterior ends of the testes. They are about the same 
width but are only about one-eighth as long as the testes. 
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As the testes mature they become increasingly opaque and cream-coloured and 
their lobular nature becomes apparent. The maturing seminal vesicles grow con¬ 
spicuously, becoming much broader posteriorly where they join the testes. At 
maturity the testes are firm in texture, about 4mm wide and about the same 
length as the abdominal cavity. The mature seminal vesicles are turgid, sub¬ 
equal to the testes in length, and lie against the upper wall of the abdominal 
cavity. 

In the spent male, the testes become reduced to about 1mm in width but are 
unchanged in length. The seminal vesicles are reduced to as little as one-fifth 
the length of the testes. When spent, both the testes and seminal vesicles are 
flaccid. 

The ovaries of juvenile G. huttoni are thread-like, about 0.5mm in cross- 
sectional diameter, and contain numerous oocytes measuring up to about 0.12mm 
diameter. The ovaries are translucent white and similar in appearance to the 
testes of juvenile males. The oocytes are colourless and irregularly spherical in 
shape, with easily distinguishable granulated nuclei. As the ovaries mature the 
oocytes grow larger. The abdomen of the female becomes distended by the 
growth of the maturing oocytes as early as three months before breeding. The 
mature ovaries come to occupy up to two-thirds of the abdominal cavity, causing 
gross distension of the latero-ventral body wall. They extend almost the full 
length of the abdominal cavity, measure up to 8mm in cross-sectional diameter, 
and taper from broad posteriorly to a blunt narrow tip anteriorly. Initially the 
oocytes are white, but as they grow, they become yellow and then golden. Further 
series of oocytes are produced and in mature ovaries three oocyte categories can 
be recognised. Large maturing oocytes, measuring 0.4—0.8mm along random axes, 
occur in large numbers. These oocytes are cream-yellow in colour and opaque, 
when mature. Smaller, semi-opaque, greyish-white oocytes measuring 0.09-0.29mm 
are also abundant in mature ovaries. Further oocytes which are quite translucent 
and colourless, measuring from minute to 0.13mm are also present. These are 
of similar appearance to the oocytes in the ovaries of juvenile fish. There is overlap 
in the size ranges of the second and third categories and this overlap represents 
the size range at which the developing oocytes become semi-opaque—at between 
0.09 and 0.13mm diameter. 

The ovary as it develops from maturity to ripeness shows little change in super¬ 
ficial appearance, but the oocytes, as they ripen, become translucent again and 
slightly larger. Numerous yellow-gold oil globules of various sizes are visible in 
a pale yellow yolk mass and the germinal mass becomes distinguishable as a semi¬ 
opaque, pale cream-coloured cap within the chorion. The germinal mass has 
slightly smaller diameter than the yolk mass and its thickness is about one-quarter 
to one-third the diameter of the egg. The chorion encloses the embryo-mass with 
no peri-vitelline space present at this stage. A capsule surrounds the chorion. 
This capsule is thin and delicate, and initially colourless, closely surrounding the 
chorion but free from it except at one pole of the oocyte where there is connection 
between the two membranes. Striations in this outer membrane converge towards 
a small circular unstriated area which corresponds to the point at which the 
chorion and the outer membrane conjoin. As they approach this point, the 
striations in the capsule become shorter in length, and around the lower fifth of 
the oocyte they appear as fine pitting. Prior to spawning, longitudinal fissures 
appear along the striations and the capsule eventually becomes split into a large 
number of fine threads which are strongly adhesive. The outer capsule remains 
attached to the chorion at the base of the oocyte. 
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In spent fish, the ovaries are contracted to about 0.75-1.25mm in cross-section 
and are more uniform in breadth along their length. They are more flaccid than 
when mature and the ovarian membrane is thicker and tougher than in gravid 
fish. The ovaries are olive-green in colour with numerous brown specks in the 
wall. They contain small oocytes at about the same stage of development as the 
smallest oocyte group in the ovaries of the gravid female and remain much in this 
condition over most of the summer period (December-February). From March 
to June, there is rapid maturation of the oocytes. 


Fecundity 


Estimations of the fecundity of G. huttoni were based on examination of the 
ovaries of fish taken from the Makara Stream during September and early October. 
Thirty-two females, ranging in size from 36 to 71mm S.L. were examined. Ovaries 
were removed from the fish and stored in 5% formalin. For estimation of oocyte 
number, ovaries were surface dried and weighed to O.OOlg. Both ovaries of every 
fish were weighed. A count of the number of maturing or ripe oocytes was made 
in a weighed portion (about 10%) of the ovaries; from this the total number of 
oocytes in the ovaries of the fish was calculated. 

The greatest number of oocytes found in any fish was 20,100, in a female of 
69mm S.L. Although in general the number of oocytes was found to increase with 
increase in fish length, the relationship between these two variables was not close 
and great variation in fecundity was found at any given fish length (Fig. 2). 
Millar (1961, p. 752) found comparable variation in the fecundity of Gobius 
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Fio. 2. —Fecundity of G. huttoni. 

paganellus. The relationship between standard length, weight of ovaries and 
number of oocytes is shown in Table I. 
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Table I. 


Standard 

Wts of 

No. of 

Standard 

Wts of 

No. of 

Length 

Ovaries 

Oocytes 

Length 

Ovaries 

Oocytes 

mm 

gms 


mm 

gms 


36 

0.126 

1,600 

57 

0.460 

3,580 

39 

0.038 

710 

57 

0.408 

9,100 

39 

0.089 

2,750 

57 

0.362 

4,470 

40 

0.096 

3,420 

58 

0.339 

2,880 

40 

0.114 

3,240 

58 

0.667 

8,700 

47 

0.298 

4,070 

60 

1.371 

16,060 

48 

0.324 

5,180 

61 

0.294 

3,490 

50 

0.321 

5,900 

61 

0.941 

8,380 

52 

0.095 

1,100 

62 

0.384 

8,460 

54 

0.144 

2,000 

62 

0.304 

8,190 

. 54 

0.537 

7,750 

65 

0.337 

6,950 

55 

0.392 

6,340 

67 

1.069 

16,230 

55 

0.183 

2,470 

68 

0.415 

7,680 

55 

0.251 

5,530 

69 

0.321 

5,590 

56 

0.161 

3,140 

69 

1.267 

20,120 

56 

0.220 

3,140 

71 

0.535 

5,940 


Breeding Season 

The duration of the breeding season of G. huttoni was determined from the 
presence of nests and the abundance of gravid adults in the streams examined. 
Breeding was found taking place in the late winter and spring, beginning about 
mid-July. Although nests were found in the Makara Stream until late in Decem¬ 
ber, 1961, absence of gravid females in the breeding areas was taken to indicate 
that spawning had been completed by about the end of November. 


Breeding Habitat 

G. huttoni does not generally breed in the rapid water habitat it usually 
occupies (see McDowall, 1964). The fish leave their haunts at the heads of 
riffles and enter the quieter water at the sides and tails of pools. The male appears 
to leave the fast water habitat earlier in the season than the female. At the 
beginning of the breeding season there is therefore a distinct difference in the 
habitat each sex occupies—the females are found in the fast water habitat and 
the males in the breeding habitat. Numerous nests were found in the minor 
tributaries of the Makara Stream where there were short fast riffles and short 
rocky pools. These tributaries arise in narrow bush-glad gullies, receive little sun, 
and are usually cooler than the main stream. These streams are less subject to 
temperature fluctuations than the more open bed of the main stream. 

In order to characterise the conditions under which G. huttoni breeds, two 
typical breeding sections of stream were studied. Contour maps of two pools were 
constructed and flow patterns and flow rates were applied to the contour map. 
The positions of nests in the pools were marked on the map. The nests were 
found to be distributed towards the tails of the pools, where flow rate was suffi¬ 
ciently great to prevent silt deposition; in general the nests were in shallow water. 
These results agreed with the general observation that G. huttoni breeds in shallow 
rocky stream where flow is steady but not fast. Although most breeding was 
found to occur in rocky stream, it was not confined to such situations. In the 
lower reaches of the Makara Stream where flow was sluggish and the stream bed 
a fine silty mud, nests were found where there were suitable solid objects with 
sufficient area on which to deposit eggs. 
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Nest Site 

The breeding site of G. huttoni usually comprises a rock with a flat under¬ 
surface, generally with a flow of water beneath the rock. In lowland stream 
where availability of rocks for nests was very low, nests were found on other solid 
objects in the stream—e.g., planks, logs, bottles, motor tyres. 

No direct evidence indicating preparation of the nest site prior to spawning 
has been obtained. Tavolga (1954, p. 436) reported that the male of Bathy- 
gobius soporator (f. Gobiidae) cleans the nest rock prior to breeding; the nest site 
of B. soporator is essentially the same as that of G. huttoni. Gale (1914) mentioned 
nest cleaning by the male of Mogurnda striata (f. Eleotridae). Gravid male 
G. huttoni kept in captivity were found to enlarge defended rock sites by flicking 
out gravel from beneath the rock with the tail. Since the species was not bred in 
captivity, it is not known whether this behaviour was related to breeding. In the 
lowland stream nest sites suitable for G. huttoni were found to be covered with a 
fine layer of silt. Attempts to fasten eggs to such silt-covered surfaces would fail 
until the silt layer is removed. Nevertheless, a few G. huttoni nests were found 
in the lowland stream. This suggests that the male G. huttoni removes the silt 
layer. From these observations it is concluded that some cleaning of the nest site 
does take place. This cleaning is, however, not so thorough as to remove the 
pupae of Olinga and Helicopsyche (Trichoptera) which were commonly found 
on nest rocks, sometimes amongst the eggs themselves. 

Breeding Behaviour 

When the male G. huttoni is in ripe breeding condition, it becomes melanic 
and all the banding features on the cheeks and on the trunk become obscured. 
The green colouration across the superior edge of the first dorsal fin and at the 
bases of the second dorsal and anal fins becomes more conspicuous. Melanism 
of this nature was found in Gobiosoma robustum by Breder (1942, p. 62) and in 
Bathygobius soporator by Tavolga (1954, p. 444) and appears to be common 
amongst gobioid fishes. The breeding melanism of Gobiomorphus huttoni is lost 
quickly if the fish is disturbed. Throughout breeding the colouration of the female 
shows no change from that observed at other times. Nuptial behaviour by 
G . huttoni has not been observed. 

The female places her eggs on the under-surface of the selected rock; although 
G. basalis nests have been observed on the upper surfaces of rocks, this is not 
known for G. huttoni. When depositing eggs, the female is inverted and moves 
about beneath the rock, propelling herself by flexure of the trunk and movement 
of the pectoral fins. Numerous pauses between movements can be attributed to 
the placement of one or a group of eggs. The male, also inverted, performs the 
same routine, and although insufficient milt is released to perceptibly cloud the 
stream, it is reasonable to assume that the activity of the male is concerned with 
fertilisation of the eggs. 

There is no apparent relationship between the movements of the sexes, their 
movements appearing to be quite independent of each other. Each fish was seen 
to occasionally right itself and apparently rest for a short period, but would soon 
resume activity. Each of the pair was found to be capable of inverting itself with¬ 
out assistance from the other; inversion appeared to be brought about by twisting 
of the anterior trunk and rapid flicking of the pectoral fins. If disturbed, or even 
without apparent disturbance, the male was seen occasionally, partially or com¬ 
pletely to leave the nest, but the female would continue deposition without the 


184 


T ransactions — Zoology 


Vol. 5 


continued attention of the male, at least for a short period. The nuptial coloura¬ 
tion of the male became reduced in intensity for the duration of the emergence, but 
regained intensity on resumption of spawning activity. 

The close proximity of males in nuptial colouration did not appear to disturb 
the breeding pair, although entry of such fish into the breeding site resulted in 
rapid eviction of the intruder by the mating male. Other males were seen within 
20cm of the breeding pair, holding territories in which eggs were subsequently 
deposited, but the mating pair was apparently not disturbed by their presence. 
The female did not appear to work systematically over the area beneath the stone, 
but disappeared and reappeared from the observation point throughout the 
observed breeding activity, suggesting that the eggs were being placed over a 
fairly wide area. Despite this the eggs in a completed egg mass were found to be 
in a compact group. The close placing of eggs makes it appear unlikely that the 
eggs were spread on to the rock by the pectoral or pelvic fins or the tail. Observa¬ 
tion of egg placement was made difficult by the positions of the nests, but the 
movements seen did not suggest that such spreading action was being carried out 
by the female. It thus appeared that each egg was individually and deliberately 
placed. 

After spawning has been completed, the female G. huttoni leaves the nest site, 
but the circumstances involved here have not been observed. It is not known 
whether the male drives the female out or she leaves voluntarily. 

Nest Guarding 

After completion of spawning, the male, still in nuptial colouration, takes up 
a position beneath the nest rock. The male was found to be in attendance in most 
cases, and during the period of guarding the nest, he appeared to spend most 
of his time beneath the nest rock. Only short and brief excursions from the nest 
were observed. If disturbed, the male would leave the nest site, but would return 
soon after the intruder left the vicinity. During the guarding of the nest, the 
nuptial colouration of the male was found to lose intensity gradually. 

It is significant that no stream bottom invertebrates except Olinga and Helico - 
psyche pupae and Potamopyrgus were found beneath the rock where the male was 
guarding, even though may-fly (Ephemeroptera) and other caddis species (Trich¬ 
op tera) occurred in great abundance beneath immediately adjacent rocks. This 
absence can be attributed to the predations of the guarding male bully. Analysis 
of stomach contents showed that guarding males continued to feed while guard¬ 
ing the nest. They were found to stay in the nest until most of the eggs had 
hatched and were observed in nests in which only a few scattered eggs remained 
to hatch. 

The closeness of the nest rock to the stream substrate made it difficult to 
observe the behaviour of the guarding male. No better results were obtained 
using a periscope, partly because of lack of light. No evidence was obtained of 
fanning the nest by the male, although observations of nest guarding by G. basalis 
showed that this species fans the nest. Information on the behaviour of the guard¬ 
ing male G. huttoni is very incomplete. 

Post-breeding Migratory Movement 

Observations on female abundance in the post-spawning period indicated that 
females make their way downstream into lowland water after spawning. The sex 
ratio of G. huttoni in the breeding areas was found to change as the breeding 
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season progressed; late in November, few or no females were found in the breed¬ 
ing areas of the Makara Stream. The number of females in the upstream breeding 
waters decreased simultaneously with an increase in the lowland stream (where 
few adults were present during the winter period). This change in abundance, 
in conjunction with the failure to find dead spent females after breeding, implies 
that the reduction of female numbers in the breeding stream was due to migra¬ 
tion and not spawning mortality. Since no downstream migration of single indi¬ 
viduals or mass movement of fish was seen, it is not known whether this move¬ 
ment was purposive or due to the inability of the spent fish to resist the stream 
current. 

The downstream movement of the females appeared to be followed, but to a 
much lesser extent, by similar movement of the males. During the summer of 
1961-62, the North Makara tributary of the Makara Stream and the mid reaches 
of the main stream, where the population of G. huttoni had been dense during the 
winter and spring, were almost devoid of females. Despite some reduction, a good 
population of males was maintained during the summer period. Both sexes 
appeared to return to the upstream habitat in late summer and early autumn 
(February-April). 


Seasonal Spawning Frequency 

In order to determine the number of spawnings per season, per female, size 
(diameter) frequency studies of oocytes in ovaries at different stages of maturity 
were made. Ovaries were removed from the female and the oocytes within the 
ovary were displaced from the ovarian membrane and separated out in a watch- 
glass of water. Diameters of the rather irregularly shaped oocytes were measured 
with a micrometer eyepiece, using a low-power binocular microscope. Oocytes 
of the small translucent type described above were not measured, but the abund¬ 
ance of this group was estimated visually and was subjectively compared in dif¬ 
ferent ovaries. All opaque oocytes and translucent ripe oocytes were measured. 
As the oocytes were found to be irregular in shape, to avoid selection of any 
particular diameter of the oocytes, the oocyte diameter along the fixed axis of 
the micrometer was measured. Clarke (1925, p. 14) found such random measure¬ 
ment to be the most reliable method. 

The presence of multi-modal frequency curves was used by Clarke to indicate 
several spawnings. To determine the number of oocyte groups present prior to 
the first spawning of the season, 1,000 oocytes were measured from a gravid female 
taken in September, 1961. Two clear modes were found (Fig. 3D). The presence 
of two modes was confirmed by later studies and suggests that there are two spawn¬ 
ings each season. However, the conclusion that there are two spawnings cannot 
be accepted unless it can be shown that the secondary mode does not represent 
eggs which will be spawned in later years or that will degenerate and be resorbed 
at the close of the breeding season. It is quite clear from the study of ovaries from 
January and February samples (e.g., Fig. 3A), in which the whole egg comple¬ 
ment comprised tiny translucent oocytes measuring about 0.1mm, that all the 
eggs involved in the two major oocyte groups present in the gravid female are 
lost prior to the end of the breeding season. Because maturing eggs were present 
in the ovaries at certain times of the year only, the secondary groups of maturing 
oocytes present during the spawning period cannot constitute oocytes which will 
mature in later years. These oocytes must in some way be involved in the current 
breeding season. Since no ovary was found in which there was any suggestion 
of oocyte resorption there is no evidence to support the conclusion that maturing 
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oocytes degenerate and are resorbed. Where the second spawning group only was 
found to be present (i.e., the first group had apparently been shed), the oocytes 
of the remaining group were well advanced towards maturity (Fig. 3E). No 
female was found in which the oocytes of the second group were fully ripe. 

No evidence was found to suggest more than two spawnings. In a ripe ovary, 
oocytes in the first spawning group appear to be at about the same stage of 
maturity and are probably all shed together. In one female examined there were 
some remnants of an oocyte group the bulk of which had apparently been shed. 
These were a few fully ripe oocytes from the first spawning mode, greatly advanced 
in development over the other oocytes in the ovary, but much too few in number 
to comprise a complete spawning (Fig. 3E). The general failure to find such 
small numbers of ripe eggs in breeding fish suggests that each oocyte group is 
spawned as an entity and does not constitute several matings. 

The relative abundance of the small translucent oocytes was found to be 
related to the period of the year. In spent females, the ovaries contained only 
these small oocytes. During the autumn, maturation of the first spawning oocytes 
began, and a marked mode for opaque oocytes was found (Fig. 3B). Here the 
number of translucent oocytes remained high. Later in the year, approaching the 
breeding period (Fig. 3G) the number of small oocytes was greatly reduced and 
two spawning modes of maturing oocytes were recognisable. The number of small 
immature oocytes remained proportionately small through the breeding period 
until, after spawning, they again made up the total ovary complement. As is 
apparent in the various histograms in Fig. 3, the separation of the spawning 
modes was not constant, indicating that the period between successive spawn¬ 
ings may vary. 


Development 

It was found possible to keep developing eggs satisfactorily in a temperature 
column. Eggs were scraped from the nest rock and placed in shallow water (about 
2cm) in petri dishes at temperatures between 14° and 19° G. Under these con¬ 
ditions egg mortality was negligible, but at higher temperatures premature emerg¬ 
ence of the larvae occurred. The temperatures at which eggs were kept appeared 
to affect the rate of development, increase in temperature markedly increasing 
developmental rate. However, time differences in developmental rate at different 
temperatures were not determined; nor were extreme temperature tolerances for 
either eggs or larvae determined. 

Determination of developmental rate was made difficult by the effect of 
temperature. This problem was partially overcome by taking samples of eggs from 
a nest in the natural habitat. Difficulty was experienced in finding a nest which 
had been freshly deposited, and it was not until almost the end of the breeding 
period that fish were observed breeding and a full range of developmental stages, 
and thus indications of developmental rate, obtained. A nest known to be freshly 
deposited was visited daily for 30 days and a sample of eggs taken at each visit. 
This nest was a small group of eggs from a female about 55mm total length. 

Development appeared to proceed steadily and uniformly up to about 72 
hours, but after that time differences began to appear. The first fry emerged after 
about 14 days, but fry continued to emerge for the next 15 days. The prolonged 
hatching period could be taken to indicate that further eggs had been added to the 
nest, but this is thought unlikely. Any additional eggs would have been noticed 
during daily visits to the nest. Also, since the male initially guarding the nest was 
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Fig. 3.—Seasonal spawning frequency from oocyte diameter frequency distribution. A— 

Post-spawning ovary (January); B—Rejuvenating ovary (April); G—Maturing ovary 
(September); D—Mature ovary (September); E—Inter-spawning ovary (November). 
Micr. un., micrometer units; 1 micr. un. = 0.02mm. 
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Fig. 4.—Development of G. huttoni egg. A-E, Cleavage; F-G, Blastoderm cap; H, primi¬ 
tive streak; I—Eight somites; J—Fourteen somites; K-Developing larval form. 
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removed, it would be reasonable to assume that a second guarding male would 
have been present if further breeding had occurred at the site. A second male 
was not found. From the observations on this nest, it would appear that develop¬ 
ment takes from two to four weeks, although the long hatching period in this 
example may be atypical. 

When deposited the egg contains a large number of oil globules of various 
sizes. As the embryo grows, the yolk sac becomes reduced in size and the oil 
globules coalesce. At the hatching of the larva there is usually only one large 
globule (Fig. 5Bi). 

Initial divisions of the embryo are rapid. After 18-24 hours, the embryo com¬ 
prises a large number of cells forming a blastoderm cap. At 44 hours the primitive 
streak is well developed (Fig. 4 H). Some eggs taken at this stage showed further 
development with the tail free. At 72 hours, the tail was generally well formed and 
melanophores were present in the ventral surface of the muscle mass. As develop¬ 
ment proceeded, pigmentation was found to increase. First flexures in the body 
were observed after about 72 hours and flexure increased in frequency and violence 
with further time. During the next four or five days, changes were less marked. 
The pigmentation of the eyes increased until at about 280 hours (12 days) they 
had become fully pigmented. 

Hatching of the fry is brought about by flexure of the body which causes rup¬ 
ture of the chorion at its basal attachment. The chorion is generally fractured 
by the tail and the initial tear is enlarged by further body movement until the 
chorion breaks away from its attachment. The tail is usually freed first and the 
anterior of the body enclosed within the detached chorion, and further wriggling 
frees the larval fish from the chorion. The emergent fry are translucent, pigmented 
with black and gold chromatophores; the surfaces of the eyes are iridescent silver. 

In the freshly hatched larval fish, the groups of chromatophores are somewhat 
constant in disposition (Fig. 5A). There is a nasal area with both yellow and 
black chromatophores. Yellow chromatophores occur around and behind the eyes 
and mid-dorsally on the occiput. There are about 7-8 yellow and black chromato¬ 
phores scattered over the dorsal surface of the yolk sac and a large number of 
black chromatophores scattered around the antero-ventral surface of the yolk 
sac. In a few cases there is a single yellow chromatophore postero-laterally on 
each side of the sac, but this chromatophore is commonly absent. In a dorsal 
series along the muscle mass of the trunk there is a group of chromatophores just 
anterior to, and another group just posterior to a vertical line through the anus, 
each group comprising a yellow and black chromatophore. More posteriorly 
along the dorsal surface there is a large group comprising four or sometimes five 
yellow and a sub-equal number of black chromatophores. Further posteriorly 
again, a single yellow chromatophore is present at about the posterior quarter of 
the caudal region. In the ventral series there is a large group dorsal to the gut, 
below the muscle mass, comprising three or four chromatophores of each colour. 
Posterior to the anus there are seven or eight groups of chromatophores, each 
group comprising both a yellow and a black chromatophore except the last where 
there is an isolated black chromatophore. The first two or three of these groups 
may be separate, the next three or four in a compact group, with one or two 
groups following and the single black chromatophore most posteriorly. The yolk 
sac oil globule is golden yellow and the yolk sac a pale cream. 
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Fig. 5. —Larval development of G. huttoni. A —Disposition of yellow and black chromato- 
phores; B—Larval fish at hatching; Bi—Lateral aspect; Bii—Dorsal aspect of head; C— 
Larval fish at 9 days; D—Anadromous migratory juvenile, 19mm T.L. . black chromato- 

phores; -f* yellow chromatophores. 
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With growth, increase in pigmentation occurs. Further chromatophores 
develop ventrally beneath the gut and in the inter-mandibular area. The eye, 
silver at hatching, becomes yellow externally, apparently by dispersion of the 
yellow inter-orbital chromatophores around the eyes. Further chromatophores 
develop in the head region and above and below the muscle mass, with a few 
scattered laterally on the trunk. Ultimately there is a continuous series of black 
and yellow chromatophores along the ventral surface of the body muscle. 

The bladder was seen to be contracting soon after hatching, although this was 
not noticed before this. At hatching, the pectoral fins could be easily distinguished 
but there was no sign of the pelvic fins. About 24 hours after hatching first jaw 
movements were observed, and at about 8 days feeble movements of the pectoral 
fins were seen. At about this time also, the first peristaltic movements of the gut 
were observed. At first these movements were sporadic, but subsequently they 
were more frequent and regular, despite the lack of food in the gut. Further 
changes observed included development of the lips, increase in mouth move¬ 
ments, recession of the dorsal fin fold behind the head and reduction in its depth 
in the mid-region of the caudal peduncle, increased definition of vertebrae, further 
development of the gut, enlargement of the pectoral fins and increase in their 
movements, a tendency for the caudal fin to become frayed posteriorly, and slight 
increase in overall length (from 2.7-3.0 mm). 

G. huttoni fry showed marked positive phototropism. When placed in a glass 
tube 3 feet long, exposed to a bright light at one end, but otherwise in darkness, 
the fry quickly and repeatedly gathered at the lighted end. In dishes near a 
window the fry were found to gather at the lighted side and when on the stage 
of a microscope with sub-stage illumination, they “ stood on their heads ”, in all 
cases directing their movements towards the light source. This light reaction may 
have considerable significance in reference to the habits of the fry later in life 
(see below), although this behaviour may be an escape reaction. 

The larvae were moving freely, although without much control, and although 
mouth and gut movements were occurring, introduction of infusoria into petri 
dishes containing fry with little or no yolk material remaining did not induce them 
to feed. In no instance was it found possible to prolong life beyond the yolk 
sac stage, and many fry died before the yolk sac was exhausted. None of the fry 
hatched in the laboratory survived longer than 12 days. 

Repeated efforts were made during the breeding period (September-December) 
to locate the fry in the stream where they must have been hatching in huge numbers. 
Using a 32-mesh silk grit-gauze plankton net, the stream flow was netted for 
periods of up to 24 hours, and the vegetation, gravel, sand and mud of the stream 
were disturbed and netted. No trace of the larval fish was found in the stream. 
Because of the failure to keep G. huttoni larvae alive for any length of time in 
the laboratory, and the inability to capture them in the streams in which they were 
hatching, nothing further is known about the development and metamorphosis of 
the larval fish. 

The young of the 1961 breeding season in the Makara Stream were not found 
until the following January. At this stage they measured between 16 and 25mm 
length and must have been about four months old. They appeared bully-like in 
form and pigmentation (Fig. 5D), but they did not show the adult sexual dimor¬ 
phism. At the beginning of December, 1963, large numbers of G. huttoni 
15 to 18mm in length were found in the estuary of the Waikanae River. These 
fish were transparent, the smaller specimens with dorsal and ventral series of 
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chromatophores but no lateral pigmentation. Density of pigmentation increased 
with growth. Black, yellow and red chromatophores were present. One example 
of these small bullies was located in November, but numbers in the river at this 
stage must have been small, as no further specimens were found despite some 
searching. By early December, many were present, suggesting a definite movement 
of juveniles into the river. The habits of the juveniles differ from those of the 
older fish. Young G. huttoni live in the open pools in still or slowly moving water 
and in the shallows of lowland streams. They do not seek cover in the manner 
of adults and show greater ability to swim freely in mid-water. They are not 
nearly as benthic in habit as adult fish. This may point to a free swimming larval 
existence such as is known for Philypnodcm breviceps. 

The outstanding remaining problem in the life-history of G. huttoni is thus 
the whereabouts of the larval fish during their growth from about 2fmm to about 
15mm. Positive phototropism observed in the laboratory suggests that the young 
tend to swim upwards into the stream current and may be carried downstream. 
This is supported by the apparent absence of the larvae in the breeding areas and 
the fact that most of the juveniles are found in the lowland reaches of the stream. 
The relative abundance of fish at various sizes is illustrated (Fig. 6) in a series 
of length-frequency histograms from four samples (total 600 fish) taken in the 
Waikanae River in September, 1962. These histograms show a marked difference 
in the proportions of juvenile fish (i.e., below 38mm S.L.) in lowland waters as 
compared with the upstream waters. In a sample taken just above the estuary 
(Fig. 6A) 50% of the fish were juveniles. In the next sample (Fig. 6B) about 

miles from the sea, at an altitude of somewhat less than 100ft, juveniles com¬ 
prised about 20% of the total. In a further sample, taken where the Maungakotu- 
kutuku Stream enters the Waikanae River, about six miles from the sea and 200ft 
altitude (Fig. 6G), the proportion of juveniles was slightly greater (22%) and 
there was a marked increase in the modal length of juveniles. The fourth sample 
(Fig. 6D), taken furthest upstream, about 13 miles from the sea, at an altitude 
of about 650ft, contained no juveniles. In this sample there was an increase in 
the average size of adult fish in comparison with the samples taken further 
downstream. Further collections of G. huttoni taken in the Waikanae River 
(November, 1961) and in the Makara Stream (September, 1961) produced the 
same type of distribution pattern. Juveniles were found to be most abundant 
in' the lowland stream and decreased in abundance with increase in altitude. The 
increase in size of juveniles with increasing altitude suggests that the younger fish 
were nearer the sea and the pattern of distribution of the young fish indicates 
that the larval G. huttoni are carried downstream from the breeding localities 
either into the lowland stream or the sea. Larval G. huttoni have not, as yet, 
been located in the sea. 

Stokell (1941, p. 271) suggested that Gobiomorphus gobioides has marine 
larval life since the nematode Hedruris spinigera was found in its gut. He con¬ 
sidered that H. spinigera is marine and only present in marine fishes. If this is 
correct, G. huttoni may have a marine stage, since this nematode was found in 
examples of G. huttoni. The degree of infection is, however, very low; a total of 
7 H. spinigera were found in the stomachs of only three, of more than 600 
G. huttoni examined. Tests of the euryhalinity of G. huttoni showed that the 
species has high salt tolerance and can easily and actively live in undiluted sea 
water without prior acclimatisation by placement in diluted sea water. This 
euryhalinity makes marine existence of G. huttoni quite credible. 

In 1926, Phillipps (p. 296) recorded migrations of red-whitebait into the 
rivers near Hokitika and in Hawke’s Bay. Phillipps identified these red-whitebait 
as the young of G. gobioides. The name red-whitebait cannot be taken to mean 
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Fig. 6. —Length frequency distribution changes with change in distance from the sea, in the 
Waikanae River. A—Upper Waikanae estuary; B—One and a-half miles from sea; C— 
Six miles from sea; D—Thirteen miles from sea. 


the red-finned bully in the use of the word “ red ” as at the size of Phillipps’ 
specimens (22-30mm) the red-finned bully has not attained any red colouration. 
Some specimens in the Dominion Museum, which Phillipps labelled red-whitebait, 
were examined and compared with the known New Zealand species of Gobio- 
morphus with lowland distribution. 

Characteristics of G. huttoni (Ogilby), G. gobioides (Cuv. and Val.) G. basalis 
(Gray) and Phillipps’ red-whitebait are as follows: — 



Red whitebait 

G. huttoni 

G. gobioides 

G. basalis 

H.L. in S.L. 

4.0-4.1 

3.2-3.7 

2.7-3.2 

3.0-3.6 

Rays 1st dorsal fin 

VI 

VI 

VI 

VII 

Rays 2nd dorsal fin 

1-9 

1-9 

I—(9)10 

I—(9)10 

Rays anal fin 

1-9 

1-9 

I-(9)10 

I-(9)10 

No. of vertebrae 

27 

27(28) 

27 

29-30 
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The head of the red-whitebait is much shorter than in any other bully, but 
the figure is closest to G. huttoni and the shortness may be allied to changes in 
body proportions in 30 years storage in alcohol. Other characters such as fin-ray 
and vertebral counts are identical in the red-whitebait and G. huttoni. Similarity 
in characters with G. gohioides is also marked, but the general rarity of 
G. gobioides, especially when of small size is not consistent with great numbers 
of these fishes streaming into the rivers as Phillipps (loc. cit.) has described. 
Stokell (1955, p. 55) reported that he had seldom seen G. gobioides “less than 
six inches”, and it seems unlikely that G. gobioides could be involved in migra¬ 
tions of large, catchable numbers of small bullies into the rivers. Similar migratory 
movements have been reported for unidentified bullies in the Hutt River (J. M. 
Moreland and H. J. Ghoat, pers. comms.), and McDonald (1947, p. 11) and 
Taylor (1947, p. 29) report bullies migrating up the Wanganui River in large 
numbers. Whitebaiters on the west coast of the South Island also report similar 
migrations, to the extent that the bullies constitute a considerable nuisance to the 
fishermen. 

Although mass entry of G. huttoni into the Makara Stream was not observed 
by the author, the young of G. huttoni appear in large numbers over a period of 
weeks in summer and early autumn, rapidly moving into the lowland stream. In 
mid-January, 1963, juvenile G. huttoni measuring between 16 and 25mm length 
were seen migrating quietly upstream in the lowland waters of the Makara Stream. 
In a period of 15 minutes, 62 young fish were counted passing an observation 
point covering two feet of stream width. On another occasion, 17 young passed 
upstream and one fish made the reverse movement, in four minutes observation 
of a three-foot width of stream. Taken over a longer period, movements such 
as these must comprise large numbers of fishes. 

It thus appears that, on hatching, the larvae of G. huttoni are carried down¬ 
stream, probably into the sea, and after about four months migrate back into the 
streams again at a length of 15-20mm. 


Discussion 

The breeding of G. huttoni appears to conform to the breeding pattern of other 
Eleotridae. As there is little published data on the breeding of New Zealand 
Eleotridae, comparison of the breeding of these fishes is based largely on sporadic 
observations by the author. The breeding of G. gobioides is not definitely known. 
Stokell (1955) considered that the larval life is spent at sea and Phillipps (1926) 
reported that the eggs are laid against the banks of streams among stones and 
weeds; spawning from mid-summer to March. It is, however, uncertain whether 
Phillipps was writing of G. gobioides, or of G. basalis as now distinguished from 
G. gobioides. 

G. basalis was found to enter the Makara Stream from the sea to breed early 
in December (1961), just after the completion of the breeding of G. huttoni. 
Breeding occurred in the sluggish lower f mile of stream. The eggs were de¬ 
posited in a dense mass on the undersurfaces of logs, wooden planks, old car tyres 
and other debris, and what was discovered about the breeding of these fish was 
found to correspond closely with that of G. huttoni . The major differences were 
habitat type (more sluggish stream) and a later breeding period. As with 
G. huttoni, the male G. basalis becomes melanic when breeding and guards the 
nest. A nest of G. basalis observed in Lake Taupo (January, 1963) indicated 
that the male both guards and fans the nest. 
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Of the two New Zealand species of Philypnodon, the breeding of P. hubbsi 
is unknown to the author. There is no published account of the breeding of 
P. breviceps but this species was found to be breeding in the South Karori Stream 
at about the same time as G. huttoni in the Makara Stream. The breeding habits 
and habitat of the two species appeared similar, but the eggs of P. breviceps were 
much larger than those of G. huttoni . The young of P. breviceps , in contrast with 
those of G. huttoni, stay in the streams and may be found in the summer, swim¬ 
ming freely in the pools. 

The two Australian species, Mogurnda striata and Carassiops galii, both breed 
in a similar manner to G. huttoni . Blewett (1929) reports intensification of the 
colour of the male M. striata to a deep blue at breeding and both Blewett and 
Gale (1914) report guarding of the nest by the male. 


Summary 

G. huttoni matures in its second year of life at between 40 and 55mm length. 

The testes of the male carry seminal vesicles. The number of oocytes in the 
ovary of the female is generally small. Both sexes have a well developed genital 
papilla. 

G. huttoni breeds in spring. Breeding occurs in quiet water at the tails and 
sides of pools, mostly in rocky streams. The breeding site is beneath a flat rock 
on which the eggs are placed by the female in a dense group. The breeding male 
is melanic but no colour change in the female in association with breeding is 
known. The female spawns twice per season. 

The male bully guards the nest until the larval fish emerge. After spawning 
the female moves downstream into lowland habitat, but downstream movement 
of the males is less marked. Return of both sexes to the rocky stream habitat takes 
place during February to April. 

Development takes from two to four weeks. The emerging larvae measure 
2.7mm, are positively phototrophic and cannot swim effectively. Evidence sug¬ 
gests that the larval fish are carried downstream into the sea by the stream current. 
Upstream migration of the juveniles takes place from December onwards when 
the fish are 15-20mm long. 
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